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MONOLAYER FILM MEDIATED PRECISION 
FILM DEPOSITION 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

Note that this summary section does not specify every 
embodiment and / or incrementally novel aspect of the pres 
ent disclosure or claimed invention . Instead , this summary 
only provides a preliminary discussion of different embodi 
ments and corresponding points of novelty over conven 
tional techniques . For additional details and / or possible 
perspectives of the invention and embodiments , the reader is 
directed to the Detailed Description section and correspond 
ing figures of the present disclosure as further discussed 

10 below . 

This application is related to and claims priority to U . S . 
Provisional Patent Application Ser . No . 62 / 366 , 516 filed on 
Jul . 25 . 2016 . the entire contents of which are herein 
incorporated by reference . 

FIELD OF INVENTION BRIEF DESCRIPTION OF THE DRAWINGS 

The invention relates to a method for forming a thin film , In the accompanying drawings : 
and more particularly , a precision deposition technique for º 15 FIG . 1 illustrates a method of forming a thin film on a 

substrate according to an embodiment ; forming a thin film for electronic device applications . FIG . 2 illustrates a method of forming a thin film on a 
substrate according to an embodiment ; and BACKGROUND OF THE INVENTION FIG . 3 provides a flow chart illustrating a method of 

20 forming a thin film according to an embodiment . The present invention relates to a method of manufactur 
ing a semiconductor device such as an integrated circuit and DETAILED DESCRIPTION 
transistors and transistor components for an integrated cir 
cuit . In the manufacture of a semiconductor device ( espe Techniques herein pertain to device fabrication using 
cially on the microscopic scale ) , various fabrication pro - 25 precision deposition techniques . One such material requiring 
cesses are executed such as film - forming depositions , etch precision deposition for current and future device technol 
mask creation , patterning , material etching and removal , and ogy is Si? . SiC films have many applications in semicon 
doping treatments , are performed repeatedly to form desired ductor device manufacturing ranging from power electron 
semiconductor device elements on a substrate . Historically , ics to barrier film applications . To that extent there is a host 
with microfabrication , transistors have been created in one 30 of CVD ( chemical vapor deposition ) and emerging ALD 
plane , with wiring / metallization formed above , and have ( atomic layer deposition ) techniques for their deposition . 
thus been characterized as two - dimensional ( 2D ) circuits or CVD methods , generally at high temperature , typically 
2D fabrication . Scaling efforts have greatly increased the employ precursors , such as dichlorosilane ( DCS ) as a silicon 
number of transistors per unit area in 2D circuits , yet scaling precursor and a hydrocarbon ( CH4 , C2H2 , etc . ) as a carbon 
efforts are running into greater challenges as scaling enters 35 precursor . 
single digit nanometer semiconductor device fabrication ALD , on the other hand , is challenging , wherein a surface 
nodes . Semiconductor device fabricators have expressed a pre - treatment or self - limiting surface reaction with the sili 
desire for three - dimensional ( 3D ) semiconductor devices in con surface is necessary to deposit an organic material . 
which transistors are stacked on top of each other . As lateral Organic structures are not typically deposited in a self 
dimensions densify and structures develop vertically , the 40 limiting manner over silicon without the introduction of an 
need for precision material deposition and etch becomes exotic functional group . 
more compelling One example includes reacting DCS with TMA ( trimethyl 

aluminum ) . The aluminum preferentially bonds with Cl 
SUMMARY from the SiCl groups deposited using DCS thus leaving the 

45 organic groups to bond to Si . AlCl? is volatile to relatively 
Techniques herein pertain to device fabrication using low temperatures but not below 400 C . The choice of 

precision deposition techniques . metalorganic precursors is limited , however , for films that 
A method of forming a thin film is described . The method need to be deposited post gate formation due to thermal 

includes treating at least a portion of a surface exposed on budget restrictions . There is a need for facile deposition of 
a substrate with an adsorption - promoting agent to alter a 50 SiC materials , preferably in a non - conformal manner ( ver 
functionality of the exposed surface and cause subsequent tical growth ) at low temperature . 
adsorption of an organic precursor , and thereafter , adsorbing In one embodiment , a self - limiting organic ( CH ) film , 
the organic precursor to the functionalized surface to form a preferably a monolayer film , is placed on at least a portion 
carbon - containing film . Then , at least a portion of the of a substrate during an adsorption step . Thereafter , the 
surface of the carbon - containing film is exposed to an ion 55 adsorbed film is exposed to an ion flux , such as an ion 
flux to mix the adsorbed carbon - containing film with the bombardment from an inert gas plasma , to cause mixing of 
material of the underlying substrate and form a mixed film . the adsorbed film with the underlying substrate material , 

Of course , the order of discussion of the different steps as which can include silicon ( Si ) . When the adsorbed film 
described herein has been presented for clarity sake . In includes carbon ( C ) and the underlying material includes Si , 
general , these steps can be performed in any suitable order . 60 a thin layer of SiC can be formed . In an example , to deposit 
Additionally , although each of the different features , tech - or adsorb an organic film , the surface of the substrate , e . g . , 
niques , configurations , etc . herein may be discussed in silicon surface , is functionalized with NH2 . In this example , 
different places of this disclosure , it is intended that each of the resultant film is SiCN , and ion bombardment denudes the 
the concepts can be executed independently of each other or layer of H . FIGS . 1 and 2 illustrate a non - conformal organic 
in combination with each other . Accordingly , the present 65 ALD ( atomic layer deposition ) 100 including the promotion 
invention can be embodied and viewed in many different of adsorbing an organic film 104 onto a substrate having 
ways . mask layer 110 and dielectric layer 120 by pre - treating the 



US 10 , 340 , 137 B2 

substrate with an adsorption - promoting agent 102 . This In the claims below , any of the dependents limitations can 
agent alters the surface functionality to affect adhesion of the depend from any of the independent claims . 
applied organic film . As an example , a silicon surface is In the preceding description , specific details have been set 
functionalized with NH2 , and a mixed layer is formed forth , such as a particular geometry of a processing system 
through the subsequent adsorption of an organic layer and 5 and descriptions of various components and processes used 
Si / C mixing via ion bombardment . therein . It should be understood , however , that techniques 

To deposit multiple layers , a non - conformal organic - ALD herein may be practiced in other embodiments that depart 
( atomic layer deposition ) 200 including each of the afore - from these specific details , and that such details are for 
mentioned steps is supplemented by a silicon deposition step purposes of explanation and not limitation . Embodiments 
( see FIGS . 2 and 3 ) to form silicon layer 202 , followed by 10 disclosed herein have been described with reference to the 
monomer layer 204 . FIG . 3 provides a flow chart 300 accompanying drawings . Similarly , for purposes of expla 
including exemplary steps for forming a thin film according nation , specific numbers , materials , and configurations have 
to various embodiments . The exemplary steps can include been set forth in order to provide a thorough understanding . 
( 1 ) an ion bombardment with a noble gas element ( e . g . , Ar ) Nevertheless , embodiments may be practiced without such 
for pre - treatment ( 310 ) , ( 2 ) a purge ( 320 ) , ( 3 ) a silicon 15 specific details . Components having substantially the same 
precursor exposure ( 330 ) , ( 4 ) a purge ( 340 ) , ( 5 ) an NH2 functional constructions are denoted by like reference char 
passivation ( 350 ) , ( 6 ) an organic precursor exposure ( 360 ) , acters , and thus any redundant descriptions may be omitted . 
( 7 ) an ion bombardment to mix layers ( 370 ) , and ( 8 ) an Various techniques have been described as multiple dis 
optional anneal ( 380 ) . The silicon deposition step may or crete operations to assist in understanding the various 
may not be self - limiting . If silane is used as the silicon 20 embodiments . The order of description should not be con 
depositing precursor , then the deposition step must be timed . strued as to imply that these operations are necessarily order 
If Cl can be tolerated , then DCS can be used and the dependent . Indeed , these operations need not be performed 
deposition is essentially self - limiting and timing is not in the order of presentation . Operations described may be 
necessary . performed in a different order than the described embodi 

The process is repeated and comprises alternating - CH 25 ment . Various additional operations may be performed and / 
and — Si film depositions mixed by ion bombardment at or described operations may be omitted in additional 
energies below the sputter threshold . Vertical growth is embodiments . 
favored as reactive surfaces are horizontal owing to the ions " Substrate ” or “ target substrate ” as used herein generi 
directionality in the sheath . cally refers to an object being processed in accordance with 

If SiC ( N ) films with good electrical characteristics are 30 the invention . The substrate may include any material por 
desired , then the films may require annealing . However , for tion or structure of a device , particularly a semiconductor or 
most applications , a disordered film with reasonable stoi other electronics device , and may , for example , be a base 
chiometry is sufficient with de facto densification brought substrate structure , such as a semiconductor wafer , reticle , or 
about by the ion bombardment itself . a layer on or overlying a base substrate structure such as a 

Densification by ion bombardment is one exemplary 35 thin film . Thus , substrate is not limited to any particular base 
means by which the film nature and properties can be structure , underlying layer or overlying layer , patterned or 
controlled . With sufficient mixing due to flux and ion energy , un - patterned , but rather , is contemplated to include any such 
Si - C can be formed . With less ion bombardment and less layer or base structure , and any combination of layers and / or 
energy , regions of carbon rich polymer and silicon rich base structures . The description may reference particular 
regions can co - exist . Annealing this material will result in 40 types of substrates , but this is for illustrative purposes only . 
the vaporization of the polymeric material leaving behind Those skilled in the art will also understand that there can 
micro pores . Oxidation or nitridation of the bulk material be many variations made to the operations of the techniques 
mediated by inter pore transport will result in the modifi - explained above while still achieving the same objectives of 
cation of the k value of the material . the invention . Such variations are intended to be covered by 

A preferred method includes exposing the surface to an 45 the scope of this disclosure . As such , the foregoing descrip 
ammonia plasma so that the surface is occupied by reactive tions of embodiments of the invention are not intended to be 
— NH , bonds . Rendering the surface functionalizable by limiting . Rather , any limitations to embodiments of the 
— NH , may require pretreatment by a halogen material . invention are presented in the following claims . 
However , ion bombardment from an inert gas plasma alone The invention claimed is : 
is often sufficient to create the dangling bonds to receive 501 . A method of forming a thin film , comprising : 
NH , radicals . The NH , groups on the surface are then forming a functionalized surface by treating at least a 
reactive with organic material or polymer precursors . This portion of an exposed surface on a substrate with an 
exposure step can be plasma free . adsorption - promoting agent to alter a functionality of 

Material mixing is then performed during ion bombard the exposed surface and cause subsequent adsorption of 
ment with low and controlled energy ions . The formation of 55 an organic precursor ; 
ion flux may be achieved in a 13 . 56 MHz capacitively thereafter , adsorbing the organic precursor to the func 
coupled plasma ( e . g . , power ranging from 5 - 25 W ) at a tionalized surface to form a carbon - containing film ; and 
chamber pressure of 100 - 500 m Torr , or a spatially segre forming a mixed film by exposing at least a portion of a 
gated plasma at high pressure , such as a surface wave driven surface of the carbon - containing film to an ion flux to 
microwave source ( e . g . , power ranging from 1000 - 2000 W ) 60 mix the carbon - containing film with a material of the 
with equivalently low bias power . substrate , wherein the material of the substrate is 

The treating , adsorbing , and exposing steps may be located underneath the carbon - containing film . 
repeated to remove a pre - determined amount of material 2 . The method of claim 1 , wherein the material of the 
from the substrate . These steps , and others , may be per - substrate comprises silicon , germanium , or a silicon - germa 
formed in the same process chamber , or separate chambers . 65 nium alloy . 
Each process step can include gas - phase chemistry , and be 3 . The method of claim 1 , wherein the adsorption - pro 
performed at vacuum pressures . moting agent is NH , formed using an ammonia plasma . 
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4 . The method of claim 1 , further comprising : 
pre - treating the exposed surface of the substrate with a 

pre - treatment charged particle flux prior to treating the 
exposed surface with the adsorption - promoting agent . 

5 . The method of claim 4 , wherein the pre - treatment 5 
charged particle flux includes an ion flux from an inert gas 
plasma . 

6 . The method of claim 1 , wherein the organic precursor 
includes a _ CH containing precursor . 

7 . The method of claim 1 , wherein the mixed film includes 10 
an SiC containing film . 

8 . The method of claim 1 , further comprising : 
adsorbing a Si - containing precursor onto the exposed 

surface of the substrate prior to treating the substrate 
with the adsorption - promoting agent . 

9 . The method of claim 1 , further comprising : 
annealing the mixed film . 
10 . The method of claim 1 , further comprising : 
adsorbing a Si - containing precursor onto the exposed 

surface of the substrate following the formation of the 20 
mixed film . 

11 . The method of claim 10 , further comprising : 
repeating the step of forming the functionalized surface , 

the step of adsorbing the organic precursor , and the step 
of forming the mixed film to create a multi - layer mixed 25 
film . 

12 . The method of claim 3 , further comprising : 
purging the ammonia plasma following the step of form 

ing the functionalized surface and preceding the step of 
adsorbing the organic precursor . 30 


